Abstract-In nature, the DC-DC converter deals with high switching phenomenon that contributes to the higher conduction losses. Its operation conventionally associated with PI/PID controller in order to meet the desired output. To increase the DC-DC converter performance, an advanced controller has been proposed. However, it is deals with complex algorithm that made the controller cost higher. In this paper, the short prediction horizon of MPC using search tree optimization that generates low switching phenomenon is proposed. The optimal problem is being solve using on-line to reduce the computational effort. The kalman filter is then used for load estimation. This control approach for DC-DC converter has produced the promising output transient performance when compared with conventional PI controller while also minimizing the switching losses phenomenon.
I. INTRODUCTION
One of the most important circuits within the family of power circuits are the DC-DC converters. The DC-DC converter has been widely used in diversity application [1] . This various applications have made the improvement of the control approach to the DC-DC converter is one of interesting topics. In this field, there are several control method had been offered for controlling the power converters and drives such predictive control, linear control, hysteresis, fuzzy logic, sliding mode controller, current mode control and voltage mode controller. From the previous studied, it is stated that hysteresis and linear controls with the combination with pulse width modulation (PWM) are the best recognized in the literature [2] . Nevertheless, the implementation of innovative and more complex scheme could be more promising due to the development and latest powerful microprocessors.
DC-DC converters are fundamentally difficult to control due to the nature of hybrid behavior in the circuit operation. It exists from a set of discrete modes of nonlinear switching that switch on and off at very high frequency state associated with continuous dynamics of output voltage [3] . In conventionally, with omitted the hybrid behavior of DC-DC converter, the pulse-width-modulation (PWM) with the combination of PI/PID controller has widely been used to control the converter.
Recently, the analysis of switching circuit still depends on the averaging technique [4] , such as state-space averaging and small-signal linearization. Small signal state-space analysis of power system stability relies on linearized models [4] , which caused difficulties on dynamics analysis. Literally, most wellknown averaging technique that models the converters as single equation called state space averaging technique that considering the input saturation of the hard limit of duty cycle, which is constrained within [0, 1]. The switching cycles are the important in this technique in order to develop the model [5] .
For several years, a great effort has been dedicated to the study of advanced control method such as nonlinear based control technique [6] [7] , intelligent based control and predictive control [3] [8] . These control method have been progressively applied in power electronics applications including DC-DC converters. The improvement of converter's efficiency and robustness are the result obtained in applying the new control technique. The major drawbacks of these approaches are made controller cost higher due to complex control algorithms. Recently, model predictive control (MPC) is perhaps the most suitable control approach to DC-DC converters that could account the hybrid nature of the converters.
Generally, MPC methodologies are programmed the algorithm based on the recursive computation. Nonetheless, the recursive computational of MPC are difficult to implement online. Recently, several authors [3] and [9] solved the algorithm off-line that minimizing the 1-norm of output voltage error and the change of duty-ratio. However, due to complexity of computation that using multi parametric programming, the implementation has to depend on look-up table. Henceforth, in [9] and [10] presented the MPC with input constraint finite. Regardless, this approach is difficult in practical implementation due to a complex mathematical solution.
All previous researcher method shows how the hybrid behavior of DC-DC converter can be accounted. However, these method deals with high computational that made controller cost higher. Basically, MPC use the model to predict the future evaluation by optimizing the control signal implemented in each sampling instant, t along prediction horizon, l as shown in Figure 1 . The hybrid characteristics and constraint of the parameter can be subdued since the control index is done in sampling instant. Yet, the ultimate problem is then return back to complexity of MPC control index optimization problem, which is the converter constraints is included. Fig. 1 .
MPC strategy
In this paper, a new technique of MPC is proposed. To solve the optimization problem, the short prediction horizon (l ≤ 3) is proposed. The proposed scheme is done by fundamental revising the new control index of MPC used in DC-DC converters. Constraint optimization is solved directly using analytic solution in order to achieve the objective of high efficiency DC-DC converters with simple controller. This paper is structured as follows. In section II, the state space averaging model by considering the hybrid of the buck converter is provided6. Section III devoted to MPC algorithm formulation. Result and discussion presented in section IV. Finally, conclusion presented in V.
II. MODELLING OF BUCK CONVERTER The DC-DC buck converter illustrated in Figure 2 is a converter that reduces the dc input voltage, v s to a higher desired dc output voltage, v o . The buck converter consists of two power semiconductors consists of the controllable switch S, and the diode, D. The inductor L with the internal resistor r 1 is used to supply and deliver energy depending on the operational mode of the converter, while the filter capacitor C and capacitors resistor r 2 are connected in parallel with the load resistor R so as to assure constant output voltage during steadystate operation of the converter.
In state space averaging model of DC-DC converter, the dynamics of the buck converter system is described by direct application of voltage law (KVL) and Kirchhoff's current (KCL) for the existent circuit topologies and switching state. Switching modes of buck converter Fig. 3 shows the circuit condition in the buck converter when the position is switch on and off. To easy the dynamics of buck converter, let the switch on signify by p= 1 while p= 2 signify switch off. The of state space equation represented in the form of (1) and (2):
Where;
In addition, the output voltage, V o through the load R is known by;
The states generate between two modes according the switching operation. Suitable switching control and constant input signal will track the best reference output.
III. MPC ALGORITHM
Continuous time state space equation of converter is shown in (1) and (2) . To produce the output x(t), let consider that voltage supply, u = vs is a constant and all Ap parameter are steady. Thus, the result x(t) in t ∈ (t0, t) with initial state x(t0). Instantly, the output is calculated as;
In consideration of the implement the tracking of the reference output voltage v r , the squared region of the tracking error e(t) is being minimize over a finite prediction horizon;
Thus, MPC objective function can be derived as; Fig. 4 . The fundamental of switching period is fixed as sampling period, T. The control difficulty is to compute the sequence of switching modes to make sure that the output voltage v r traces the reference accordingly, by using the minimization of the index function (6) over a finite prediction horizon, l. Each consecutive sampling instant are recalculating due to the effect of disruption cannot be predicted is the method of optimizing the sequence. Recalculating of each consecutive sampling instant is the method of optimizing sequence. It is done due to the effect of disruption cannot be expected. Consecutive of optimal switching mode will change based on the influence of disturbance. 
A. Load Uncertainty
In most applications, the load has been assumed to be unknown and varying. However, through simulation, in this proposed MPC it is noticed that when the load changes, the output has deviated to certain value due to the model mismatch and therefore produce large steady-state error. Essentially, the parameter of the load is required in this proposed MPC. Thus, the new external loop should be added to remove the output voltage error in the existence of load uncertainties. It is done by tracking the parameter value of load changes into the steady state formulation as mention in (3). To achieve this, the external loop of Kalman Filter (KF) is proposed. It is connected at current and voltage output to allows a zero steadystate output error. The additional loop will remove the steady state error by tuning the current and voltage between both references. In addition, two disturbance states, ie and v e are introduced in order to model the of load variations. A set of mathematical equation (8)- (10) of KF is used to generate the filtered signal of output voltage and inductor current. These will come out an effective computational method to estimate the behavior of the DC-DC converter.
Eqn. (7) define the noisy linear system.
The estimated state, 
For more accurate approximation, Eqn (9) is used to estimate the current state of the system. Where, gain vector and the error covariance matrix represented as K and P. the gain vector is chosen wisely due to the accuracy of i e and v e are depends on it. Hence, (10) will be used to track the value of load variance for state space formulation (2). In Fig. 5 the control diagram of proposed control strategy including both loops is illustrated. 
IV. RESULT AND DISCUSSION
The aim of this part is to observe the simulation results in order to clarify the efficiency of the MPC-KF controller by using MATLAB/Simulink. To shows the effectiveness of MPC-KF, the comparisons with PI-PWM controller of DC-DC converter are made. The PI-PWM controller is being compared fairly because both controller using the same switching frequency. The simulation results are shown to demonstrate the performance of the proposed controller under several conditions. For the first case, the frequent of switching signal is presented. While for the second case, the transient responses of the start-up scenario and load changes are analysed. The circuit parameter of step-down DC-DC converter is shown in Table 1 . Meanwhile, the parameters of PI-PWM controller are shown in Table 2 . 
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A. Switching sequence
The first case is devoted to the investigation of switching number. The switching signal illustrated in Fig 6. for PI-PWM controller and Fig. 7 (a-c) for MPC-KF. The number of switching for every simulation that consists of PI-PWM controller and numerous prediction horizon of MPC-KF are recorded in Table 1 . As the results, the switching number of conventional PI-PWM controller produce higher values when compared with proposed MPC-KF. For the proposed MPC-KF, the analysis and simulation indicates that number of switching was increasing proportional to the number of prediction horizons. In that case, the conduction switching losses decreasing corresponding with the number of switching signal. Table  2 . It has been found that the overshoot value of MPC-KF decreasing proportionally with the number of prediction horizons. Subsequently indicates that proposed MPC-KF provides better results compared to the PI-PWM controller. Voltage output of MPC-KF based on various prediction horizon l
C. Load Step Change
The last case to be examined is the step variation of the load resistance R during the steady state operation using MPC-KF and PI-PWM controller. For MPC-KF, prediction horizon, l= 3 is chosen. At t ≈ 1.5ms the load resistance is being increase to 100% from its nominal value of R=4Ω to R=8Ω. In Fig. 10 and 11, the simulation results of output voltage and current response are depicted respectively. In Fig. 10 (a) the KF adjusts voltage output references of the proposed MPC. It is shows that there are no overshoot and the output voltage accurately follows its reference compared to PI-PWM controller.
While for the inductor current, IL the KF eliminates the ripple that contributed zero steady state error. However, when PI-PWM controller is used, the longer settling time and the current response is weakly dampened, indicating that the tuning of the PI-PWM controller is fairly aggressive. In MPC-KF, the desired output voltage has been regulated by using the tree search optimization of prediction horizon.
From the work that been carried out, MPC-KF come out with low switching number compared to the PI-PWM controller. Low switching number could be reducing the switching losses of the buck DC-DC converter. Furthermore, it is observed that the transient response of the buck DC-DC converter gives the better response in terms of maximum overshoot, delay time, settling time and steady state error when compared to PI controller. Same goes also to when the load changes are analysed.
